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V -t IcIBlii- Sit Brtg^;F»l£14*^#fB1S^ 

amir i> WT\tL{r)v -•fi.y) ±.\1lco V)v~-f<D r- 9 n 
ri*t^^*^ lb CO L i v^'(imJE<7)^'ft*:**M'^ 

tff»*:a 1 tcism«^^»^tt^«-*Bit^ac 

[li*:®4] 1trfB«2*$iJlflliaKt±. fltIEi5^^^-^- tco 
#§iX^^|trfBtt8fe<^lf 1 If-;' h «-@^L, life?: 

H^^le±^JiCo^'•;^- 7°ic*ti- * x - (7)#i^^pf ic, -a 

oRten- Klc@^^iX7tf'-^iff *Sfi*:S4 1:IB 



2 

V ;^ ^' i: $ *i7t ^ 2 SIR h 7 V v 

COMIC, m;''* tyiJlc^fc? 

tit*S8l 7- Kiti5J:0ftr-> h j^S|-^OE^JD«JE^CID 
-fbi-rt cr L § v^-fimff ^^-fb ^ -^^ JBit'cS*^ co l 
10 §v^'(imjE(0^-fb»(w)E.i:TmiS:t*-;' h cor'- 

*#ii*B#lc, mrlBlgifevr-;' h<7)f---^'C0^ tprft'^tt^ 

S-ffv^ #^^;l/-7'co*^ji*l-:fev»T, viitfe 

lb CO L i v>flimffiO^'fbl:*«^«:-6«ia:tt«c07'- 

to 0 0 1 ] 

i vMl«E<^^^batciD DTISSSct;* h (Of*- ^ Sr#- 
[0 0 0 2] 

lfi£*0|Sti] -7 9 •> -> i ^ * 'J ^<^^»5ltt#«#:fB 
30 "0" t "1" <75 2o(0^t?ri:^-f*-:??rfE#-t'2> 2'(i 

vX^irltSfctf hcof-'-^^SrfSli-f -6, v» t) t?) ^tt 

If, "A MultiLevel-Cell 32Mb Flash Memory" ,1995 I 
SSCC. ppl32~#B?,) o 
10 0 0 3] 1118 liNANDa77 VJL^-t'J lci3V» 

tB^-t^^'&CO, Liv^ffiliEEV t h^*t7'-^'rt 
40 ^i:(OB3#4-^1-Ill-C$>^<, 

[0 0 0 4] llI8lCi3V>T, ^tt(4>^^U b^Vv'';^.:? 

C0|*|#I4, "I On+l I On " -C^^tL. "11", 
"10", "0 1", "0 0" C0 4ttc«^^sff^£-r^c 
[0 0 0 5] -?-Lr, #itf-*-^<0$§iX*-?r^- V* 

*«JI*^tlTV^S (fctx-lf, "A 3.3V 128Mb Mult i-L 
50 evelNAND Flash Memory For Mass Storage Application 
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" ,1996 IEEE International Sol id-State Circuits C 
onference, ISSCC96/SESSI0N 2/FLASH ME3i40RY/PAPERTP 
2.1, PP32-33 #H?J o 

[0 0 0 61 m9it. ±tixm^zm7^^tifz^-'y^^ 
Ti--f. 2 ^m^yn&mmmm. bl2, sLit^e 

[0 0 0 7] ^-^V H:r;l-T 1 {i> ^K^'tl^'=eV't 

y^*A 0 \t^y \m.V> L 1 ti^a^n. > >^ 
h V >^*A 1 h*.iB L 2 tcjg^^ tLTV>^o p« 

0 A-MT 1 5 A;i)-Wyt::i?3^^ttfcNAND?iJ*:^ L 
Tv^>i)o CICON AND?yo> -tr;v h ^ > v;^ ^MT 

0 AO KU>f h S G 1 A«r^Lrtf 
BLlliS^^n. ^•=eU-t;^h^>v;^i^MT 1 5 A 
<7)V-->?.*^iiiRr- h S G 2 A^^LT^i^m^i^tVG 20 
Ltl^i35c^tLTV>^o ;^ h VVi/A 1 :7n- 

^ V -t h 7 > V M T 0 B T 1 5 B ;5^it?!]lCg 
M$>i;tNAND^iJ4-*LTV^^o ^ONAND?nj<Dp« 
^ »J h ^ > v;^ ^MT0B<^)KU^ h 
S G 1 B^^LTtf MRB L 2 (cSJi^n. 
;l/ h ^ >i/;^5'MT 1 5 BOV-::^:^^*iiiR<J^- h SG2 
B «r ^ L T ^mme^S V G L ^flX\j^ho 

[0 0 0 8] h S G 1 A, S G I B h 

3M*^m-^«*&iftS S L iiiR^- h S 30 

G2A, S G 2 B(^)>>'- h:;5>^51#^«-^«*&^G S LtC* 

[0 0 0 9] #ii/!%ffi*lJffl)Il]^2 li. n«f-^:^;VMO 
S (NMOS) h > v>^i5^.NT 1 -NT 1 7. p 
^;l/MOS (PMOS) h'7>v;^i5^PT 1> isiiy^^ 

Q 2 J9«^^nTV^^o 

[0 0 101 NMO S h ^ Vv^^.rJ'NT 1 {i«}JgmjEV 

- HB 1 vti^M^ntv^ 40 

ho NMO S h y > v;^^NT 2 (imi®mEEVccOfltJji& 

>i:lf^y h^BL2i:<?)Ktc^l*^:h,. 
ih«-i-I HB 2<7)^^.&^>f >tlJg^^tlTV^^o NMO 
S h"7>vJ^:5^NT3i3<]:tfNMOS Y v y 7. ^ Y^l: 
l<Dmm.J^.t;^^V :^ W >VAO^XX/\^y Y^^BL 

1 <7)gS^,a;<7)rB^liiiT"7''U'y v 3 >iac7)NM0 S h ^ > 
v;;^^NT 1 Si)^^l^^i^. NMOS Vy>i^'^i^NT 
4 i5 i LKNM 0 S h ^ > v;^ ^ N T 2 (Om^.^. t > ^ U 
;^ >^'A l:feJ:l>'lf ^7 h^SRBL 2(0®S5c."SOKtl 

(i. T^/U^y V3 VMONMOS b v>v>^^^NT 1 9 so 



4 

:6^^St^tLTV^^o NMOS h ^ > N T 1 8 , 1 

9 h (ix:* y;Wt-^tt*&«aD GPL 

[0 0 1 U NMOS h 7>v;^^NT 1 <7)V-;^i:/< 

> I O i tOFB^tC, NMO S ^ ^ > v;^:5'NT 
3, NTS, NT 1 6:^>^ii:?ytc@^$^. NMO S h ^ 
>v;^^NT 20V->c. t>^>*;:^^^ > I 0 i +1 t(Df^ 
{Z. NMOS h ^ > v;?; NT 4 , NT 7, N T 1 7 tJ^' 
]M.mzmm^tir\^^hc ifz. NMOS h7 Vv;^i5^N 
T 3 t N T 5 <^ig^,'^.^ NMO S h ^ Vv;^:5^NT 4 i: 

i^T7(Dmm.^.^^^mmm^ti. nmos h^>y>^i5^ 

NT6^^Lr^Sfe$tt^^h^)tC. PMOSh^>v 
X^PTl<7)Klx^>, 3fe^/tCNM0 S h ^ rJ' N 

T8, NT 1 3 or- hKm^^fir\^^ho ^LT^ N 
MOS Yy>i^:^^'^T 6(0y- hi)^')^y ^^i^RS 
T<DW4^9^ yizt^m^ti. PMO S h 7 PT 
1 OV-;^;^i-'m?®mEEVaOtt|&^>f P 
MOS h^>v;^^PT 1 <oy- Vi)m-^YTef Ott#& 

^-r >}izmi^^tir\^^ho 

[0 0 12] ^-^-^lag&Qio^ioiBity-KNi a 

;!i^NMOS h^>v^:^^NT5i:NTl 6t<Dm^.^JZ 

mm^fi. m2mi'm^-vT^ih^mm^z&i^^tifz 

NMO S h^>>^>^^NT8-NTl 0 iiftLX^M^ 
fiX\^^ho '7U/-f-|l]!e&Q2 0^lOfS1t>'- KN2 a^^ 
NMO S h ^ >y;^^NT 7 tNT 1 7 ^Ojf^^^JlS 

MOSh^>v;^i5^NT13~NT15 ^r^LTSife^ 
ttrv^;2,o tfz. NMO S h^>v;^^NT 8 ^NT9 
(Omm.^.^^W^^^Uzm^^ tifzl^MO S Vyyi^y^^NT 
11, NTl 2i:^LXmm^tiX\^^ho NMOS 
>v;??.i5'NT 9or- h iiy y ^m^Q 2 om I (OUW. 

KN 2 a tCi^^^fL. NMO S h V >v;^^NT 1 
OCT)^-- h(ift-^j5 L AT20««&7>f >lcS^$tL. 
NMO S h -7 >v>^^NT 1 1 (DV- h^^m2<Otim>^ 

- KN2 bt-®«g$:h,. NMOS h 7>v;^i5^NT 1 2 

(Dy-YmE-^-<f>LATi(Dm^y^y^^^^^fi. n 

MOSh^>v;^i5'NT14, NTl 5 ^7)^- h mn-^- 

^LAT3(Dm^y^>^zmm^tir\^^i>o -etr. :^ 

h t LTONMO S h^>v>^^NT 1 6 O^ 

- h:6-'«-^Y i (Dm^y ^ > i^z^m^ti. NMOS 
>v;^i5^NT 1 7 K>6^«-^Y i +1 0«*&^>f > 

[0 0 13] :^0[i]9 tClti^LTV-^^V^Tli^ ^ 

^Hl&Oie'lty- KlCfi, 7-^-^- KOR[l]g&^. -?-0 
7>< ^- KORE]liS:6-'bT'-i5^Re*1^ffiL»3'di«;^«r 

*?-T ^ -t^ *|JS mis i ^ ti r ^ o 

[0014] BI 1 Oit^^ih^ {yri^^yM.) n(09^ 
^ v^'-^-v- Y i-^LTV^^o * /c. m 1 1 ii. fi^^ti 
i5V^T— «S:e^^»§ii.;^;:<.-r :y y^r^LTV^^o HI 1 0 
:fej:l>*[ill l7&-^b:b:^-;2)i:^H. 4 iiO»^ jXci^^ifi: 3 ;^ 
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[0 0 1 51 @9 0iIf&lci5v>T{±, *r> yy^mm 

(Q2, Ql) = (1, 0) (OJir-g-ti^ -yf-EKQ 1 ti 
m^^^+^tfj:it "0" ^i-ib "1" 
(Q2, Ql) = (0, 0) (D^^iiy y ^m^Q H± 

t3^tztbm\:^7-'jfX'm^^^^6i-ii-^£^Xi> "0" 

10 0 1 61 ^;^7"-7 7'-r-<^)»#ii**?-T*iJ^i±. 

*lJ^-r*o •iii.^T'-^' (Q2. Ql) = (0. 0) 
[0 0 1 71 

*.T''f ;^ - rfc§|v^ v^;H5 f T'-f ;^ - :/*$»tr 

V^Tto t X. If 4 Hon A N DS 7 9 -> ^ -=6 'J <OWi 
-g-, la 1 1 KTf^-fi.^ kz^ m^^^y'-i'i)^ "10" <r> 

■t;K73»#d2.;^*^fo7t^ "0 1" -5-LT "0 

#l:;6^'i^^v> "1 0" (DV^)VifWii^'%\,^i)i^ m^^^ 
r-^i)^ "1 0" <D>^'J-b;H±. "0 
1" , " 0 0" (om^Th^mzT^ ::^9~-r^'^\1f. 

"0 0" (Dl'-^;VC0#iii<^:*^l?-TL7'cB#*-e-7'-f 
[0 0 1 81 HI 1 2 IC, 8'(tONANDM7 9-;'->i> 

*'joi£*(^)»§ji^;^f--;'-7'«-35-ro lai 2\zm-tx 
n \z. ''sm\±m^w^z--&\^\y^)\'i)-t:,mi:m^.ii-^^'A 

^ihSEl-^J^-t^o fzt^.Xtm^'Q-h.y-'-^if "1 1 
0" <0^^. 1211 2 o;^T •;' :/l T-«§ii<%iSr^fv^, * 
§ii*+^3-i:*y^?tL7tgiiarT% ^y^f'-^'^r "1 1 
1" \zWM^'±X. mm<D«ii*T-{±, tr-> MSlcmii 
mEVcc5ren*Dl-'5>o i:^^:*^ '(^(TDX h ') V^-'lc^ L 
Tff ^ ^ < ^ -r y 2 ~ ;^ r y 7 § -f ^ ;w 

[0 0 191 »di*-T'-i'<04'-e»i7'-f ;^t5'-n±, T' 
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-^^ "1 10" **S:<)Slv^o — #;^f -^yw^^ii 
;^b?fH{4, ;^ X •;' n £0 n to-lil**:*: # < j^StcL/c^'o 
Tft< ^:-i.o J'J.±J: »§ii^-r*-3':*^* " 1 1 0 " <0 

LfzWcmxr ^ :^ f -r\z i. -^x L^^'^m.n&v t h^^ 
g| (73# § ii.;^ w ^ c> r t S o T v> ^ pjiigli/i^ 

-So 

[0 0 2 01 ^^m^t. i)-h^i,m'm\Z^^Xij:^fitz^ 

(Dr~fm^iL^:)3mimm-thz.t\z$iho 

[0 0 2 1 1 

[00221 -f^^^p*>, 3^^§g<7)^»l&tt¥»#fE«^ 

-r L § v^'ltmEE^^'^'ft: L, m^^W,*-^ <7) L § v^ttEff 
(omtm. \zm ZXW^ t:* 7 KD-f - * 'J -b ;u 
1*1 icffi-iti- -set **prtl*r^a^'tt#^'»IB«^«T-*) 

[gi6&*^-t-^c »^L<(±, i!jis*ii$iK»[iis&i±> m- 
40 r3E?yi-^#iitro 

[0 0 2 31 BUlB^iiM^^iaf&li. «rl5x- 

b i,mti^')\^--:^m<Dm^^^xw*)t^^xmmM^<^ 
50 ^gfiTtsiii.^f'-^'ici&DT. ffiriae-v h^tfrfs 
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10 0 2 4] tfz. :$.^mi,~isn ^mmms^mm^^ 

ju-yii, m±&:^-y hi:m^^- Vizm^^fitzr-'- 

[0 0 2 5] $e>ic> »i L< i±, mtzmihmmm^ 
YmmnR^^iiK \f.y ^^rtic^M^tt 

[0 0 2 6] 3f:%?g<7)yf^JS5&144^2»#ieiS^MIi, v^^5 
[0 0 2 7] :$:5ig^O^»5lti#^i»#ia'li^tt<^7='-^' 

# - > ^ >; -t ;n*i 1 ets s -fr * ^»i§tt^3i#iei«^« 

^> /h T'- ji^JS-t ^, STfi - T' i f) ±it O 
[0028] ^&:$:%?g<73^»IS14*2»#:fB1i^ 
m^v 'y^m,n\z^'m.^Mz%%TLh-T-i'\zVL^\LX. 
[0 0 2 9] ^Jx.l?N ANDMT-li, Z.(D\£v MtmH 

<75ep3bpc J: or> h 7 > v;^ ^-^ij (nand^O) <r> 
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10 [0 0 3 0] '^%(Om%^h~^mx\t^ 

[0 0 3 1 ] ittlc^+L. *ll?g(7)^»^tt^ig#:iB« 
^Jt::*iiitr:i t7i*-Ci-5.o Lf^**or, L§v»ffiSff 

[0 0 3 2] 

30 [|&?^cD*ifeWJ^,«J JilT> :*:|fe?^t-«^^WI&tt#^«t 

HIE ^ #B.s \^t$.-ts^hwm\zmm-fi>^ 
[0 0 3 3] m 1 14, ^■mmm\z>^i>y^-n^'^^'^i^ 

1 0I±, E'|lU'^;u35*8'lt(ciki|-l&L;t<)<o-cafei9, 

2 0 ir^t^o 

[0 0 3 4 J TU'f 1 ni^ HI tc^-r j: ^ ic. 

-e^-Ptt^^U-b^l'A^^ao^- K#^WL 0-WL 1 5 

40 i^zmm^fifz;*^') T.hv >i^Ao, A 1 imio&L^ 

y hi^BLO izn^m^ti. ;*^')7.h')y VA 1 (4 tf 7 

14. 7D-7-^ y^'-y- h 4•*1--2>;^:^f§|■|4>^';^^• 
t LT<O;<*'J-tJl'h7>->*;^*'MT0 A--MT 1 5 A 

**E?iJt;eSf ^^TtN AND^ h >; yi''imi-^o -<o 
nand;^ h >; >^^(D;>« -tju h ^ ^vx^mt o a 

OKU'f V SG 1 ASrifl^LTtr-;' h^BL 

0lcS^$ix, ji -t)]/ h 7 y 7 9 MT 1 5A0OV 
50 h SG 2 AS-^/hLT^ilSm^^i^VGLtC 
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h 9 > ^'MT 0 B-MT 1 5 B 

iR-r- h SG 1 B^-iff-LTe-^ h«^BL 1 t^ea^n, 
'J-b;v h 9 Vv'X^MT 1 5 B<DV-;^/4*i8*?-5^- 
h S G 2 B ^'kX.XWm'nMM.^ G L ^::«^$i^Tv^ 

^ o 

[0 0 3 5] ^^R^^- h SG 1 A, S G 1 Bcoy- h;^-' 
0 2 A, SG2BOr-h^^iStR«-&«*&S^GSLtc* 

[0 0 3 6] mi 7T^/fim©Jffll[iI 
K2 0{i. #^flJ«IIi]K2 1 S'it'^i:>t'S^L> ^U>'r-< 

/f%ttl©JffllIlIS&2 0 li. NMOS h7>v;^^NT2 1 

PMO S h PT 2 1 > ^ :y 
i5^C0AtB*HW|±**S'^LT^^^ ';'f-!l]^Q 2 1 , Q2 
2, Q2 3> ^7 h^Smi±5§^ • •SJ^I1]S&2 2. -f>^^' 
-:?'2 3, 2 4. is J:^^*iJSE]*S2 5, 2 6 i^ir^o 
10 0 3 7] -rco^*). NMOS V>^X^'NT2 5 
-NT 3 5i5 ';''^[i]S&Q 2 1 , Q2 2, Q 2 2 II 

t9#^*Utail]8&2 1 ;5-'«^^ttTv^;5>o 2?"^. NMO 
Shv>v7.i5'NT2 7'-NT3 5tCj:»9. 2|s:5|0>gtzi3 

[0038] y-ySA21t\£yV ?aB L 0 ^ coFbI 
ti. iSitEEONMOS b^>v;^^^NT2 1^J:U^NT 
2 3:5iWJtwg^iE^tt. KSA2 1 t If 7 Mz^BL 
1 tcDf^K. i^itJEONMO S h ^>'v;^^NT 2 2i3 
i:r/NT 2 4;iWJt::SM^tiTv>^o NMOSh-^v 
v>^i5^NT2 3 ht::T KU;^t'3- KM^A i 

m^^tl. NMO S h^Vv^^^NT 2 4(7)y- hUM 

OS h^>v;^^NT2 1, NT 2 2 0r- hUm-^T 

RN^^«if&^tL;&o 

[0 0 3 9] y - VS A2 1 tm^y ^ yGl^Bt<om 
tiNMOS h^>v;^^NT2 5^-'Jg^^tt'. ^ - K S 

A 2 1 tmmM&v cc(o^f^'7 ^ >t<Dmz?uos v 

yyz;:A^FT2 ii)mm^fir\^^^o NMOS 
v>^i5^NT2 50r- hlc>B-^D I S;^-^«*&^n. PM 
O S h V > ^ P T 2 1 <Dy- h tw^ft^V r e f Ti^flt 

[0040] >'-KSA2i trnm^y-otom^^. n 

MOS h^>v>^^^NT2 6, NT 2 7, N T 2 8 ^^'H 
?yt::S«t$nTV^^o NMOS h'7>v;^i5'NT2 6 ^ 
NT 2 7 tOj^^*.«S (y-KSA22) tm^i^^n<^ 

}£y hi^mj±yBiom^y^>t(Dmi.z. NMosh 

^>v;^i5'NT2 9. NT 3 0:AWJtlg^?5C§n-CV^ 
y-KSA2 2^»§ii«^B#<^tf^> ^«ftl;iEVB2 
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NMOS h^>vX^NT3 
1, NT 3 2:^WJtl«^^tLTV^^o y- KSA2 2 

IC. NMOS h^Vv^^^J^NTS 3, NT34, NT3 

1, VB2, VB 3 C0«*&^^ >(i. If «;/ h j&«l±5l^ 
• -ej^IlIS&2 2 lCgM^tlTV^>2)o 
[0 0 4 1] NMOS h^>vXi5^NT2 60<!r'- htc 
«-i-PGM;^-^ttl&^:^t. NM O S h ^ > vT^ N T 2 
10 7, NT3 2 0<^- h*^^'7^ll]8&Q2 2C>^2 0|fi'lt 
KN2 2 btc^^^tt. NMOS h^>v;^i5^NT 

2 8, ISiT 3 OOy- ViJ^'y y'^M^Q2 3<D^2(Dt^ 
'If y- KN 2 3 b tl^^^tt. NMOSh^>v>^^N 
T 2 9 , N T 3 4 (DV- Y y •^tUS&Q 2 2 (D^ KO 
fSISy'- KN 2 2 a Icg^^i^tL. NMOSh^Vv;^^ 
N T 3 1 , N T 3 3 <DY- h 7 "^ESSQ 2 3 <7)^ l 
OE«y-KN2 3 2i{z^m^ti. NMOS hv^vX 
^ N T 3 5 <DV- V i)^"? V f-mSSQ 2\(n%2 <r>W^J 
- KN 2 1 b tlJg^^itTV^^o 

20 [0 0 4 2] ^7^IiIi^Q2 3 0^lOf21ty- KN2 

3 a t/'N'y^^-f > I O i + 2 ^ OKI' NMOS h ^ >v 
>;^NT3 9^^«S5c;^ix^ v v^m^Qi2 2(D%\mZ 
'Ify- KN 2 2 a > I O i + 1 h<0^^\ZY\y[ 
OS h^>v>^^NT4 0:;6^'Sjt^tt. ^y^[l]KQ2 

1 1 Offi'lty - KN 2 1 a > I O i ^O 
FeltiNMOS h^>vy^i5'NT4 1 ^ tiT v>^o 
CtLJbNMOS h^>v;^^NT3 9, NT40, NT 

4 1 O^Jr'- h Y i 0«*&^ > tlS^^ ti-r 

o 

30 [0 0 4 3] m'^^^M'&m^^y^'^-^ 2z<nx-)2if^ 

T*IJ^ffl^ 2 4 oA;b5^^^S»^ti. ffiii:?!?^^*y^ 

Il]g&2 6 t::JgM^:H.Tv^.S,o i 0#ii*^T*y^>S ^ >>'^* 
'-^2 3i3J:C/fy^[lI8&2 5 Og^M.^^^igitfe^ >f 
ratCNMOS Vvy^iJ'NTS 6:*^«M$ft. 
T^y^ffl-^ 2 4:fei:r/fl^tl]J&2 eoS^.-S^ 

g^^-Y V^or^tc, NMOS h^Vv^^^'NT 3 7 t 
NT 3 8*^3fe?yiI®S5C^tLTV^^o NMOSh^VvT. 
^NT3 6 h:e)-^^-;^^tlIS&Q2 3 0^2 0|S'lty 

40 - KN 2 3 b tcSM$^tL> NMOS h^>v;^i5^NT3 
7 or- h^-'^ 7^[o]S&Q 2 2 0^2 Oie-lty - KN 2 

2 bfrCg^3^^:lx. NMOS h^>v;^5'NT3 8 or~ 
hTii-'^ ^yf-lUKQ 2 1 0^2 0fS'lty- KN2 1 b tcg^ 

[0 0 4 4] o^'tc. c:oia 1 t:::^*^ 0SSO*:$a?I'5:» 

[0 0 4 5] >>'^M0#^w. ffi-^ P G M^^n - 
(SMb^;^) tC|§:^$^:|x-CNMO S b V Vv>;^NT 
50 2 6 ? If V h S^B L 0 , B L 1 
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fz. m^T> I S^^mrlSm)EVcc^ -fl-tV r e f U 
'^-'K^iaS^^t, y - KS A 2 1 3i*SAfe^^^rv»-^>o ^ 
t>tC, T KV^^T'n- K«-tA i . /Ait«-^TRN 
Ti^^lc (Vcc-Vth) ^IfficDSfftclS^f NMO 
S h 7 >v;^^NT 2 1 -NT 2 4 3ii«^T*a«^lC<S 
#$*LTV»;5o i<D7ti6, e^/h^SlBLG, B L 1 

[0 0 4 6] iC0t>c®-CS^di<^^-9--^' :5';virA'& S 

^c^^$^^TNMOS h7>v;^^'NT3 9~NT4 1 

1 ~Q 2 3 IcflXtjjiSttiS^Sn^o 

S-r> M-^D IS, V r e f mi^V^ 
)\^) \zWi^^fi. J: t) NMO S h 9 i'v;^.^ NT 

Mos h7>y;^^'PT2 iTi^satt^tcis^i-^o * 

fz. m^T R N, A i , /A i omff-li/i^P 5 V ( 5 V 
g«<C»miE) »c±**-&o :Lntztb^ tf-;/ hSSB L 0, B 20 
L 1 *«m?fiSiEVccJ::5fcm^ii.*o tfz. ^*'J;^f'; 
v^-'iO KH' >f.lJ<OS«?'>'- h S G 1 A, SGlB<^y 

- h \zmm^ntzm.9im^mmWiS s L^i^^rigmjEvcc 

Kfl-f-ZA i *«n-lx^;ncK^§ix, NMO 

S h 9 > y ;^ ^' N T 2 4 IC^ •) mx. ib tt, 

^rM^<r> vm.Bhl i}^WiMMS:Va:\:.M^ixfzik 30 

r e f :^*SiJf.mffVccl'^.'H::«3')^x.fett, 7''J-f- + 
-vfflPMOS h7>v;^^'PT2 1 Ti^^^Sat^S t =fc 
y). ttzm'^'P GUii^J^^ U^)V\zWi^^flX. NMO 

^fiKX ^#?tf hSi&B L 0*^9 -^^ilS&Q 2 1 - 

~ 9 \<Zt&Zfz^Si\.znM^iXi>o 
[0 0 4 9] Ttt x.lf> "0 0 X 

(x : 0 t /^li 1 ) " <75j*^, V •;''^liIKQ 2 3, Q 2 « 
2C7>S5 2<7)fB1)i/- KN2 3 b, N 2 2 b t IC-'N'f 
U'^;H-^i:o-CV^<2)o L:'';**oT, NMOSh^Vv*;^ 
N T 2 7 is ± a'N T 2 8 tmm^WA^UW^fir\^^ 

So z<Dfztb. \£y vm.BLO^imi&u^)^^zw^m^tl 
[0 0 5 0] m^&^-T-i'i)^ "0 1 x" <7)^'g-lcl±, 
7 yf-iHg&Q 2 3<D^2(DtiWy- KN 2 3 bJ3it/7 
•;'f-|ilSSQ 2 2 co^ 1 <Oieity- KN 2 2 a:**i: hiz/s 

;^^'NT2 9i3J:!yfNT3 05!i*^a*RlHw«^SnTV» so 
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So -e-<OlS:*, y- KS A 2 1 *«kf -7 hmHEVB 1 <7) 
VB 1 ic^^^nSo 

[0 0 5 11 "1 0 x" (O^^lZii^ 

y y f-mSSQ 2 3 <7)^ l tOiBIfy - KN 2 3 a ^ J: 
•;'^|n]g&Q2 2 <D^ 2 CO f KN2 2 b Ti^i: ^) 

:^^NT3 lisiU^NTS 2-Amm^WA^^W^fir\^^ 

So -f-cOjg^. y- KS A 2 1 *«tr7 hS^maVB 2 CO 

VB 2 IC^^^nSo 
[0 0 5 2] "1 10" OJ^-g-lcli, 

7 y ^mS^Q 2 3, Q2 2<0^\ cOffiH^ - KN 2 3 
a, N2 2 a t 'J)ic/>'f V"^;H:^:oTV>St 
9-;''^lilBSQ 2 1 2 OlE'lt^ - KN 2 1 hi)^^^^ U 
^;vlC^oTV>So Ltzij^-oX^ NMOSh7Vv;^^' 
NT 3 3 -NT 3 57!i«Saife-^Jw'»^$*tTV>So 
ig:^, y- KS A 2 1 ^^ey hSt^JEVB 3<0«ip&^'f 
virSM^ttSo Vfy h«IB L OliVB 3 

[0 0 5 3] m^^^r-fip "111" oa-g-ictt, 

9 yf-mSSQ 2 3 , Q2 2, Q 2 1 OfSHy - K 

N2 3b, N2 2b, N 2 1 b U'^^HC^oTV^ 
So Lfc**oT, NMOS h7>v;^^'NT2 8> NT 

3 0, NT 3 2, NT3 S^i^^^^jH^S^C'Kif ^tLTv» 

50 -eo^:^, y- KS A 2 iJii^v^-f^tOtf-;' hiaWS 

m^7^y\z^mm.^ix-r. ttzmiis.m-'^.^m.^nti: 

v^o Z<r>tztb. If •;' h«^B L OJiyjf^-v-^^^JE-e* 
s miSmiE V cc ■K^ ^ it s o 
[0 0 5 4] jiijioj: T ic, %^mmmm2 i <r>mm:^ 
x^. siRvf •;' h«iB L oo»§ji*T'-^'icj&i:7tm 

If h^^EVB 1 -VB 3) 
co^Msi^'SiW ^ix. tfz kf h iH^EE^^ • -Wi^illK 2 

2**if -7 h^ansvB 1 -VB 3o^i-ir^4i>tuifli-rs:: 

[0 0 5 5] IIlUC^-riilS&(±'7- K^:^lS]C«iaiXtt 

h^lcM^Sl'-^;KO©^ji<^^lf-;' hSSl;l±4-t3:S-r 

51 tjJ^T-iSo ZO/ztt). -O^O^^iL^^- h'liZX 
St, Si^y- Ki!lWL*«»§di.^'^mSVP GMl-^S 
$tt, S^jMlR<07- K^3i*«i^.^«i]im]EV pass 

«VPGM) <,zWt^^fixt^ih^-i^7t>fii>-A^. c: 
<^^, 1^— '^-vJ*ir-L^v»'|t1|j!±U'^;V:i!|SMirS^^ 
<Of'-^'5-afe^Jtc*§iitfii:*«t?|;S„ *i3, .iwi: 
i, iM4R<0 Vf h^B L 1 IC^^^^XTV^S^-t'J;^ 
h 'J V^^A 1 (D;^^') ■t)l'<D'f-^' ^-Ji'isXX/m^ih^-r 
"111" (^j'-=e'J-b;KOf- + :T-;l'{i, KU-< > 
IBO ^ S G 1 B , S G 1 A tii o r kf h #gB 

LI, BL 0:6>e>^'3SSSn, 7- KIgt <0§g$§-&U 
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[0 0 5 6] m^&^t^^Ti-^t. m2iiZ7n-tx^ iz 

ri:ic"0 0 0", "0 0 1", "0 10". "0 1 
1" , "10 0", "10 1", " 1 1 0" <0*§5i<^ 

3.tlTV^;&:^'g-l4, y v-^m^n^^r-^-i "1 1 
10 0 5 7] mJ:<7)J:d**§di*, '<';7r'fW*ffi 

^ o 

[0 0 5 8] ±37EL/>:J: ^ 

V [*I g 11 -2) L 1^ v^>ftmffi:^^^^ ^ ^Si-T"- ^ ^7)iife 

^* ;v - 7^<b L T . g:Tf4 - o r . 

^ o 

[0 0 5 91 [as El 1 t^^^-flllKS^fflv^/c^^Mff^ 
i^\Z7^irmx-^:ho HIS (a) ti^J^ L/crJ^'^^-y^bL 

(Ox-^ "1 1 0" (iS^)-¥'<»dZ^+^3^^^^ 

[0 0 6 01 ^tii::^4-L.. El 3 (b) {zmfr^X^fz^^^m 
^rm^]izm^&/^fz'i&. y^y-y'f2 XT it iz 

M't^r-^'k^xmiizm^ihtso z.<Dm^. Mi>r 
^ "1 10" i±. % 

[0 0 6 1 1 lliT. mBlz^ T-^^^-;i/-7^'fkL^v^ 
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^-n'A x.^^%^\zT^7.^- 'frnm^'^m ? *i - 1 

[0 0 6 2] [x-^ ^:^*>'l^- >^'fkL^^^T-lTO»^ii 

^ HJ: ^ ft?;} O # ^ ii <^ c7) L ^ V ^ ^mffi ^ ^ -t c 
10 [0 0 6 31 ^^T-^ <r>m^')Lh^^%'&\z'i^^^z\t^ 

^x<or- ^ ^-mzm^wzm ^^tsz.ti:i^:^nxh 
ho t(Dm. }:fy ym,mE.i:m^&^r-^Km\:^x. 

fztx.\m3 (a) \Z7jk-rx^\.z. ^r-^^ztmLx 
"111" : 8. 0 v> "110" : 3. 6 V. "i o 
1" : 3. ov. "10 0" : 2. 4 v. "oii" : 
1 . 8 V. "0 10" : 1 . 2 V. "001" : 0 . 6 
V. "0 0 0" : 0. 0Y{zm^tfi\^. L^v^ttma 

^^m^iiZ^x (D-r- (om^ih^-^^iii'^mmz^T't 

20 

[0 0 6 41 L^e^-L. S^^NANDM^^^-rtix 

i&mmmt}'i\:(0}^.'^-hm^]x. ^fLto^te^v^tzj: 0 
m^^y Ym\izmux^hns,<D±miib^^ibhtiho 

[0 0 6 51 E15 tl. #§^<^^B#ONANDX h U > 

s «vpGM) ^mm^ftho ttz. m^^y-ysG 
30 1 or- b iciimismavcc. sir^- h s g 2 <Dy- 
V {z{±mitmuGi<iDt^mn^n.:ho ^(ou-vm^^ 

fz\tu-ij )\,^)\^V'r-7s yx\t. a^^r- h S G 2 li 

■^•v:^;V:^^^#JE$^^^^i*r•S^^r- h SG 1 h 
^7L. 7n-7^-r >^*t^St::^o7^c-^-v^-;V7ji^St::i^ 

* ^ L r f - ;v en jjD T' § ^ mJI > ^ ^ u 

h U >:^'Aunsel.cOlf '7 \mM(Omfiy- h S G 1 O 

h s G 1 <7)>^- henijDmi±^m®mi±vcct't^ 
S^tf'y h«aicepin-c^;5>l;i±o±i5i(i (Vcc-vthos 

CIO (Vcc-VthDSG) i^^fb v 

[ 0 0 6 61 tfz. %\%^*-^\zt^]l^\^fzyy^m^^ 
^My h*tm*i3^ (HI r*{i2:$:^^) co t: 7 f-twJ|Xi6^ 
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[0 0 6 7] i:X±(Om^^:iX »9> miOllIESIilf^tiisv^ 
xmMLfzX^K. t^^^r-^^'i)^ ''0 0 X (x : 0 
tfzitl) . " 0 1 X " S f^ti " 1 0 X " (Om^KiS 

mmt^ mx.\m4 (b) ni^-ri^tc. -ooo- t 
fz{± "0 0 1" o§^ii<^^fl#^co. ov («iam<i) . 

"0 10" Xti "Oil" (Om^&^m^:- 1 . 2 V (V 
B 1) . "1 0 0" Xti "1 0 1" (7)*§ii^B#lC 1 . 
5 V (VB 2) . "110" 5 V 

(VB3) , "111" o#§^^B#nvcc (miJgm 

BE) i^^m^^ti^o 

[0 0 6 8] ^c7)i:^-;i.-7''ft:L^V^#^ii<;i^ 
B#lIi3V^T. 0 3 (a) iC^-fidt^x i-'<TOT'-:J^ 

T ly ^ ^ ^ V mi^<Oy<'7 y ^^^^^L. Zfi{zX^ 
[0069] 116 1^. lHIg |t ^^'^^(D L ^ v»(im 

OV, 1. 5V, Vcc<0^'^X. m^i^^-A^^^^-^^^t 

v^>2>o 1 [e]g^7)#i^iX^lci3V^TMiRV- K^amffiV P 
GMti "1 10" (^»§dZi-^^-t;vo^ :r,coWLW(om 

cOL^V^fimav t h<^MSA V t h 0I±. S&tfeT-ti2 

^v^fltmEESr 0. 2V tir;bt. m^^^<Dm\^^'^)\^o 
L^^V^Hmffiti- 1 . 8V (=0. 2V-2. OV) m 

§ii^T% gSi:'t^#§di<J^'r-^^ "1 1 0" <DLb 

[0 0 7 0] »l^ii<J?^T'-:$';!>^* "O O x" <D^JV 

ti. If ^7 h«ailJEO VT#§ii^**^T*:>n;5>o -<0«r 

-^J' "11 0" <0^)\^Kit^^t. imS<D^^jh^i^ 
7B#t::> li(?t: h?^mi±Ml . 5 V {zmMi- ^ms.fz 

jic^^T-'-^^Ti-* "0 0 x" (7)-t;v{i^T. 2Ii]gm|5tco# 

»&ii<;^*^*iOil^ix^o rcos^i:ii;^T'-i5'*^ "0 0 
x" o ;v i^ix^+i^^t^iiijtgf^n^fT-orpi I- > m 

[0 0 7 1 ] :i(D^)l^-'fitL^J:^^m^ih^mX{t. 1 

mB(om^iL^xm^&^+»tmm^fitz'tj\^it. u 
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(ma (a) ) (iiai 2otS5feo:^s^is]i:-cs>^:d^ 
HIS (a) it^mm^&^^^'i^^^mi}^i^m\zm±Lx 

o 

[0 0 7 2] i^)\^-':fitLxn')m^^^yom m? 

(i. ms (b) o<J: ^ H^;v--/'fb-r^Jt^t::i5V>T. 

^\z:is\.^x. vmmj±^m^i2^^r-^\fZjz^cx. 

fzti.im7 (a) tc^-t.i:^U. b'^;' h^SmS^^x 
-^^'H^^lSLTO V- 1. 8Vtc^3fei"Htf> L§v^1i 

mffiV t h(Di^y hiO;^^ v^-lr;Kl<h'iSv^m#:*^^^^^ 

^mm(DmmMm<om)^.:^^^. m? (b) (omi^y^yv 
^m&^m^Lxm^ih^'^'ndo 
20 [0 0 7 3] ±ii^')v-':r<Dm^^^xi,t^ m^ii^^r 

- 5^ " 0 0 0 " . " 0 0 1 " > "010". "01 

1" (D^)\yin^tLfzm^ih^i:^do Lfz^^<>X. 

z(Dt^^^ jh^r- ^^^"100''. " 1 0 1 " > 
"1 1 o" > "111" (D^jvitm^7h^m±ti-:h£^ 

• 'SJ»ll]^2 2i)^y£-^ hiamiEVB 2 ^ VB 3 

[0 0 7 4] m^^^r-9ij^ "1 0 0" s /^i^ " i o 
30 1" ("lox") (om^. mtwisv^T. "yy^mm 

Q2 3 0^10faffiy-KN 2 3 2i ^ XXfy y "f-mWhQ 

2 2 2 OfS'Ify - KN 2 2 b t ^> Ix^;^"^* 

3 2 7(^-*2iattSli::5fc^^ ti-^o b'-;' h^^m 
K.VB2'b^mMMS.VccXh^^ti)-h. NMOSh^ 
>'v;^^NT3 l^J: l/N T 3 2 \tio Y:^y Lfztt 

" 1 0 0" " 1 0 1 " <r>^)V(om%^^mz. If 
'7 h^aBLon{±7^uf-^-vmffvcc:d^si^$n. » 

[0 0 7 5] m^ih^r-9i}^ "1 1 0" (om^^ 7 y 

f-|lBSQ2 3, Q2 20^1 (^fB'Ify- KN2 3 a, N 
2 2 a t^l-'^'l' \y^)\^\Ztj:^X\^^h tti^\Z^ v v 

^HJSSQ 2 1 0^2 coffi'gry- KN 2 1 b*VN^ 
tC:feoTi3»}> L;t**o-CNMOS h^>v*>^^'NT3 
3-NT3 5 7!i-*2g®t^,^H^;b^ ^i-;^o tf 
h^amSVB 3 5!)^S?lg||EEVccT'S)^Ci:;e?-<b. NM 
OS h^>v:^i^NT3 3-NT3 5li:^v h^f^LTt 

50 "1 10" <r>^)\^(r>%^'3Lh^mz^ h#.aBLOtc 
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[0 0 7 6] -yj. ±it^)^-^n(Dm^ih^r-i^\z 
ov^Tti. %{zmMLfziin<. m^&^r-^^"^ "oo 
x" o^'&^itr^;' hi^BL 0 7&^Sifev^;i/ teams tL. 

m^^^r- ^i)^ "0 1 x" (Dm^\z\£y h^BL Oti 
VBl (««J£lf. 1.2V) l^U^Sti^o Lfzi)^^ 
T> US (b) T*(±. »§3i^T---^ "OOx" i: "0 

ix" tw^^Lr3fe^ij«§^^^ti^o 

[0 0 7 7] ^T^tt^ffiL-t- KT-ti. II^ffiL 
y-bmi±?r. 3. 8V. 3. 2V. 2. 6 V> 2. 0 

^Sa/c-t:;l':*^'b"7 -J f-ES&Q 2 1-23 <^t-3^ ^ 
"111" llS§SlxTV^<o -^■<7)^^. ^-v-^j.^;'i5^ 

H^Q 2 3 0» 1 (^fS'lt>' - KN 2 3 a " 1 " ^ 
^3. ^2 c7)fS'lty- KN 2 3 bi6^ "0" ^ ip-t,n- 

+^^¥y^Sn.fc:^^. NMOS h^>vXi?^NT3 6 

7 LT-f 2 3 ^7) tB:t! Vcc«:1*# 

L. ^tt«rfij^ia!&2 ^tm^-^ho ±i4i5^;v-yrt<0 
TC-^^ 7^Ii]KQ 2 3 <7)^ 2 OfS'lf 7 - KN 2 
3 b:6^ "1" . l>^;i/TS)*9> ^I'ii^^SI-Ti- 

;2>^'j2^-f "0" KKn^fi^o Lii^fz^X. 
2 3 com^]^<t:^*J^ll]M2 5i)mihir^t. ±iiL^^)\^ 

[0 0 7 8] ±.\tLV)v-y'ifm%^^%^'j tmm^fi^ 

^± • m^U^2 2'b^\£-J h«a«EVB 2 <D^i^^ ^ ^ 
>^K?imffiVcc^>Jb^Jx.{f 1 . 2Vll^»}»x.^c - 

(1. 2v) tT'tctv^L. mis.mffiv 

L/cSPgTli. ^^IIS&Q 2 3 0»1 OfS'Ify 

- KN 2 3 aii^W U^;^. »2(7)fB'lty- KN 2 3 b 
(in- lx^;vi:*:o-CV/^^7t*!). NM0Sh7>v-X^ 
NT2 8i5J:tfNT3 0 lil^aiii^^t^l::^^^ :^t-CV^^ 

[0 0 7 9] m^^^r-^i)^ "10 0" "1 0 

1" { "1 0 x" ) (o^'k. H 1 icisv^r. ^ ^-f-ias 

Q2 3 0^10lS'lty- KN2 3 a i3 <t t/^ 7 f-[lS&Q 
2 2<7)^2<7)Kffiy- KN2 2 b^^tfc^^^^'< W^;l^T- 
^c03t*;)NM0S h7>v;^^NT3 liSiiU^N 
T3 2;&-'^a«^ll'5r»}. bf h j^B L 0 U V B 2 (0 
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V) i)^w^^fi^o m^^^r-^-b^ "110" 

^7^|1IKQ2 3, Q2 2<0^1OfS'lt>'- KN2 
3 a, N 2 2 a*^i: fct-^'W ^> 
ti. -^^-^EgSQ 2 1 C0^2<^ffi1t>^- KN2 1 bTi^^'N 
>f U^;VtCJfco-C:fe i9> L^'c/^^^oTNMOS h ^ >v>^ 
i5^NT3 3-'NT3 S^^'iiatt^t::^^*). tf^hSSBL 

otwVB3 (1. 2V) bm^^n^o ^^MiR^O 
si&e^hiia (BLi^) ±.\iLif)\^-'f(om^^^ 

10 ^--^ "111" A^ISSStiTV^^IgSctr^;^ h^aBLO 

[0 0 8 0] l^fzii^oX. [13 (b) ti^1->'.r7y2 
X\t. m^ih^r-^ "1 1 0" i: "1 Ox" 

[0 0 8 1 ] -^u "7 7 ^l%^mt-=e- Yx\t^ fl^at 

r-hmSE'&> 1. 4V. 0. 8V> 0. 2V(D3m^ 

^^k.ti:i)^h. i7i)^'^t>fi^o ^L-C. 

7&-?3^ 7-5^0^0 2 1 -2 SO-T'-iJ^* "1 1 1" i::g 

^^^7'^I1]^Q2 3 <^x-^(±7C^ "1" Xh^. y 
y^m^Q2 1 tQ2 2 OT-'-^Tif^^tc "1" t^f^ 
i:. «§ii<^^^-f ^>'i':;«>^*?-7L. 7 -^[IKQ 2 1 t Q 
2 2 Ot'-^ OMft/^^— o-e^) "0" T'*)'2>'t;V7i^'^ft 

[0 0 8 2] ^(O^^'iL^-IS'&X. 7-M ^^--/I'g^v^ 

30 mh'ih^r-^ "110" \t±.^^* )i^-'f(omhia^^(o 
m\t^fzm^^^i)^^fix\^^ti:\^^fzibr>( 

frfSrv^o ^<D#§ii^f'-^ "1 1 0" 
7-7'2r**ji6rrv;^i5'-r^^tt^o 

:^7'y'f2<oimS<o 
m^^^xsU(D "110" v^;viwiiJJiL?t«§ii^ 

7&^S^)iiv^-t;VT-ab;E)o Lb^L. Z(OV)V-y'itLfzm 

\tS:<Xi,TitL^Jl^-'f<Dm^iL^mm\Z^^*fj:\^^o t 
fz. 7- K?.tmjEii:i>';v-'/^kL^v^^^cJ: J^iav^o 

[0 0 8 3] ir^ :^^-y''msid^i/Y-^ ji^(om^ 
i^.^mn'] i^:)^±i!^^xbfzm^ih^^zi5\^^x. ispp 

(Incremental Step Pulse Programming) fe^ffl ^ ^ 
p" . ^Xl/M^Si^^r^ "Tdlsturb " 

50 i:xT(o^x^m^i^^o 
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[0 0 8 4] * * mi] 

Np=lH- (AVthO + (J Vpp+ S Vch+ 8 VBL) /A Vpp 
Tp = Tload+ (Tpulse + 7 XTvfy ) XNp 
Tdisturb = Tpulse X (Np-1) 
[0 0 8 5] r^T% A VthO t± 1 EI g <7)» ^ dX<;^r*# 
^ ii^ A^'ft ^) a -fe i: S t ®v^-t ;v i: <7) L § v^MmiE 

"f- ^ )\^mii<D^W}M. s vBLtigfflfiijtcenjDLTtiv^tf 
y Ymmj±tnmi^mux-^:hmj±t(om. AVpptii 

^(7)m^^^mS. Tpulse Jil SPPO^N-;!^;:^*! (# 
l^di^B#K) . TvfyJi 1 tCjfe^LTt^'J 

[0 0 8 6] T'-3^«-ir;^--/>fkL'5rV^T«§iitf*>& 

r^i. ±12 (1) (3) ^tc^^jxt^. AVtho : 

2. OV. 5Vpp:0. 5V. ^Vch:0. IV. 
BL: 2. IV (=3. 6V-1. 5V) . AVpp: 0. 

2 V. Tload :25;/s (=50ns (teSliSJS) X 5 
1 2 {l^'-i^Mtz^(^^^4 MSc) ) > Tpulse : 1 5 
^ s. Tvfy : 4 /i s =&>ftA-r>i>o -f<5C)te:^. 20 

ii*?^IlIia:Npii2 5[il> h-t^;i'0«^iic;^^raTpt± 
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